I. Introduction
I am both an experimental particle physicist and a machine builder, and from both perspectives I am glad to have the opportunity in closing this conference to speculate about the next generations of accelerators. These machines will be very large and will require correspondingly large intellectual, industrial, and financial resources for their completion. Their parameters must be well chosen because as the machines get larger we can afford to build and run fewer of them.
The demand for machines which extend presently available parameters of energy current or particle type is pushed by the need for information in a new qualitative (particle type) or quantitative (energy or current) range in order to answer the most pressing physics questions of the time in which the machine is designed. The information gained in experiments with a new machine serves as a guide to a more fundamental understanding of nature, often by validating one of several competing models which can each explain most of the phenomenon observed with the previous generation of devices. Professors Trilling and Bjorken, in the previous talks, have discussed what we have learned from the present generation of machines and the directions theory has taken based on these observations. I will speculate about the kinds of machines required to test the critical features of current models of the structure and interaction of the elementary particles and to probe more deeply some of the phenomena not explained by these models.
It takes about ten years from the first conceptual design of a new accelerator to first beam on target.
The physics questions which the machine was designed to answer must be proposed sufficiently broadly to remain valid after a decade. The machine type and the design must be set to give a sufficiently large extension of parameters to allow answers to be obtained to questions which have not yet even been posed. (There are very few examples of machines whose greatest impact on the development of physics has come through the experiments listed as most important in the physics section of the design report.) Expansion capability must be built into any new design.
The starting point for any discussion of future machines is what we have available now and in Table I The third machine on the list of those now under construction is the superconducting proton-proton colliding beam machine ISABELLE. It is expected to have a luminosity of between 1032 and 1033 cm-2sec' and this luminosity estimate is not subject to the same uncertainty as is the case with bunched pp collisions.
The third group of machines in Table I are those now under design. Since none of these has been authorized, the completion dates indicated in the table are only guesses. The LEP design is being carried out at CERN. The three TeV fixed target machine UNK is being designed at Serpukov using 40 kg superconducting magnets. Plans for the eventual addition of various colliding beam options are also being made. The third machine, the Tevatron PP collider, is a 1030 to 1031 cm-2sec-1 luminosity pp colliding beam project at FNAL which will use the FNAL energy doubler ring to contain the high energy beams, and will use a large aperture accumulator ring (most probably using stocastic cooling) now under study.
In the rest of this talk I will discuss some of the physics issues which go into setting machine parameters, and some of the features of the design of next generation electron and proton machines.
II. Electron Positron Machines (A) Energy
The first question which must be addressed in 0018-9499/79/0600.4261$00.75 i 1979 IEEE thinking about a new electron-positron machine is that of its energy. We can look at present theoretical ideas to see if there is a reasonably well defined threshold energy for a new accelerator. Figure 1 Starting at s a bit below 10 it includes the t resonance, the threshold for the production of the heavy lepton T, the +' resonance, the threshold for the production of charmed particles and the associated step in R, and the first two of the upsilon states. Beyond s i100 is terra incognita. The third upsilon state should be found as should "b" mesons and an associated small step in R. Since new particle families seem to appear at each decade in s, I would guess that the t quark, the charge 2/3 partner of the b which most theoretical models require, will appear at s 1000, first with a few narrow resonances and then with about a 20% step in R. We might also find another heavy lepton to complicate the theoretical picture. This region up to s lS00 will be the hunting ground of the PETRA and PEP storage rings.
At still higher energies we come to the region where the weak interaction begins to compete with and then to dominate the electromagnetic interaction. At around s= 10,000, gauge theories would predict the appearance of the ZO resonance. At higher energies yet (a few x 104 GeV2), the threshold for chargedvector-boson production will be reached. This high energy region is that which we wish to explore with the next generation of electron-positron machines.
Let us look in a little more detail at the expected phenomenology of the electromagnetic and weak interactions in this high energy regime to see if there are any well defined thresholds to use in determining the minimum energy of the next generation machines. Figure  2 shows the rates expected for production of point-like particles (p-pair production) in a large e+e-machine with a luminosity of 1032 cm-2sec-1. The Figure 3 shows the cost vs. radius for a 60x 60 GeV and a 100 x 100 GeV e+e-machine built with the same techniques and unit construction costs as used in the PEP and PETRA projects. The minimum in the total costs (including ten years operating power) is quite flat and this flatness allows us to build a machine which may be able to answer the questions not asked but which may be the burning issues of the day ten years from now when the machine first runs. The strategy is to choose an energy slightly above the lowest threshold energy definable now and build a machine with a larger than optimum radius for this energy. The extra costs for this non-optimum radius is small, and the energy of such a machine can be increased if physics warrants it by the application of conventional technology and increased even further by the application of the new acceleration technologies. This is just the strategy which the CERN group is using in the design of LEP. The LEP machine has a circumference of 30 kilometers which dwarfs the size of the SPS machine. It will probably be designed to turnon with enough conventional rf to reach 120 GeV in the center-of-mass. An aggressive program to develop superconducting rf systems is being pursued in Europe and if this program comes to fruition the energy of the LEP machine can probably be increased to betwen 200 and 250 GeV in the center-of-mass. The LEP storage ring will probably cost about 109 Swiss Francs to construct. Since the scaling laws for e+e-storage rings indicate an increase in cost proportional to the square of the energy, it may seem that we are close to the maximum financially practical energy for e+e-colliding beams. There may however be an alternate for very high energy e+e-collisions --linear colliding beam systems. Colliding linac beams toproduce large center-of-mass energy has been discussed from time to time in the literature (see for example, U.
Amaldi, Phys. Lett. B61, 313 (1976) Consider the case of two uniform cylinders of charge of radius rb and length Qb being fired at each other at a frequency of f Hz. The luminosity in this situation is given by Since the beams are only used once, A may be allowed to become very large. The maximum allowable value of A is not easy to determine and it will probably take a computer simulation to find it, but for this analysis I will simply take Amax= 1. At this limit the luminosity is given by 9?
I., 10 P2 (1 max 10 P M)c (7) where I have now assumed Gaussianly distributed beams with oi =½ cm.
The luminosity defined in Eq. (7) is dependent of energy and only depends on the beam power! This implies that the cost of a machine of fixed luminosity scales like the first power of the energy (the length of the linac required to accelerate the beam increases linearly with energy), while as we have seen earlier the cost of storage ring colliding beam scales as the square of the energy. At some energy, linear electron-positron colliding beam systems must be less costly than storage (DESY, Frascati, Orsay, SLAC) have to within 20% the same efficiency for positron production and this efficiency only depends on the energy of the particles incident on the positron production target. infancy. Much remains to be done in the way of system optimization, study of the beam-beam limit, study of the possibility of multiple interaction points and investigation of the stability and phase-space dilution of large linear accelerators. The linear scaling law with energy makes these systems extremely promising and we are pursuing various studies on the subject at SLAC.
III. Proton Machines (A) Physics
The center-of-mass energy available in a fixed target machine is proportional to the square root of the energy of the beam incident on the target. The center-of-mass energy, the machine intensity, and the variety of beams available determine which of the phy- Major theoretical efforts will be needed to better understand the non-linear interactions of the beams with guide fields, accelerating systems and vacuum chambers, for these non-linear effects will probably be more pernicious in very large machines than in our present machines.
Our main problem will be finance. We have lived by our wits recently and learned from each generation of machines how to build the next at lower unit costs per meter of magnet, per unit beam energy, per unit center-of-mass energy, etc. LEP will cost less than the SPS. ISABELLE will cost less than FNAL. While this trend will surely continue, the jump in machine parameters in size which will come beyond machines like LEP will almost certainly result in devices more costly than any that have been built before.
I cannot believe the gloomy statements one sometimes hears that the machines now being built will be the last to be built. The governments that support us have many motives (inertia, worries about unemployment, international relations, balance of payments, etc.), but one of these motives is the same as ours --intellectual curiosity and a desire to know how the universe is made. We do not do a very good job of communicating the intellectual adventure of our work and we should certainly do it better. However, as long as the experiments, theories, and accelerators of elementary particle physics remains central to answering the great questions about the birth of our universe, the ultimate structure of matter, and the relations between and unification of the forces of nature, our field will continue. The next accelerators may be built by a nation, a region, several regions, or the world, but they will be built. I think you and I will have a hand in both building and using them.
